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PORE'.^OKD . 

The  subject  presented  herein  is  in 
three  parts. 

part  One  gives  a  gener*al  description 
of  ti-e  pl^jnt  -ind  its  p'jrts.   P^-rt  Tv.o  de^ls 
with  the  deteraiination  of  the  overall  effi- 
ciency and  the  auxiliary  tests  wnich  accoupany 
this  deterain^tion.   part  Three  discusses  the 
methods  used  and  the  results  obtained  in  up- 
proxiia^iting  several  of  the  losses  in  the  plant; 
and  the  auxili-^ry  te^ts  necessary  in  deteriain- 
ing  these  losses. 


27203 


The  authors  lo£,ire  to  express  their 
indebtedness  to  Prof.  ?,,  H.  Freeman,  Prof. 
J.  E.  Snow,  and  Assoc.  Prof.  T.:.  P.  Moreton 
for  their  cooperation  and  helpful  suffges- 
ticns.   They  also  vish  to  thank  the  Do'.;- 
estic  Engineering  Co.  of  Dayton,  Ohio  for 
the  use  of  their  pl':>nt. 

L  .X.  .  v:r  . 

E.D.F. 


TiiBLE  0?   GOKTMIS. 

Introduction. 

page, 
]Fore?t^ord • 1 

Ackno  ..ledgement 2 

latle   of  Contents 3 

List   of   Illustrations 5 

List   of  Data    Sheets 6 

Part  1. 

A  General  Description  of  the  Pl'ant  and  '  -• 

its  parts. 

Description  of  tr^e  Delco  Lighting 

Plant 8 

Part  2. 

The  Deteriiiination  of  the   Overall 

Efficiency  and  tne  ..uxiliary  'lests 

Vfhich  --.ccoii-pany  this  Deteri-iination. . .      ^2 

Key  1 0  Part   i'wo ^^5 

Deterii-.instion  of  the  Calorific  Value 

of  the   G-asoline    ^sed 26 

Derivation  of  Overall  Efficiency 

formula  e ^-^ 

General  Arrangej.ent  of  Plant  ind 
Appar3tus  for  Testing ^' 


TABLE  OF   GOiJTEJTE.IConc.  ) 

page. 
Procedure  in  Detertaination  of  Overall 
Efficiency 40 

Calculation  of  Data 47 

Discussion  of  Results 50 

Part  3. 

The  Methods  Used  and  Peaults  obtained 
in  Approximatinpr  Several  of  the  Losses 
in  the  'Outfit;  and  the  /uxiliary  Tepts 
Necessary  in  Determining  these  L"'SPes.,  54 


Calibrati  in  of  the  Generator  f^r  U;?e  as 
a  Motor 57 

Determination  of  the  Friction  and  ■'.ind- 
age  Losses 60 

The  Deteru-ination  of  the  Heat  Carried 
Away  by  tne  Cooling  Air 76 

Efficiency  Determination  of  the  Gene- 
rator Vv'ith  the  Unbalanced  Crankshaft...  8<3 


-  Appendix. 
Bibliography. « 88 

Calculation  of  Transmission  .Vire 89 


List  of  Illustrations, 

i^ig.  .  Page, 

1  -  Llixing  Valve 10 

2  -  i^lyTA'heel 10 

3  -  .-ir  passage  Diugraia 1'6 

4  -  Gylinder 15 

b  -  1  ifner 15 

6  -  -f^rma  ture IV' 

7  -  Cam  Shaft 17 

8  -  i'ront  of  Switchboard 20 

9  -  Back  of  Switchboard 21 

10  -  Outside  Viev/  of  Delco-Light  Plant.. 2^£ 

Overall  Sfficiency  Test  of  the  Delco- 
Light  Plant ^'* 

11.  -  Scheme  Used  in  Determining  the 
Overall  Efficiency  Test.  (Curve  ) ^1 

Cross-Section  of  Delco -Li (?ht  Plant 55 

12  -  Caiitr  tion  of  Generator  as  a  Shunt^ 
..lotor °^ 

Armature  F.esistance  Curves, ^2 

Stray  Load  Loss  Curve ^^ 

13  -  Using  the  Generator  as  a  Shimt  x.:o- 
tor  to  Drive  the  Gas  Engine C6 


9      M      *      M      ••      J      » 


«..»•* 


•      '       »      * 


TEST  OF  A  DELCO  LIGHTING  PL/JTT. 

List  of  Data  Sheets. 

Data  Sheet 

No.  Page 

1  -  Calibration  of  Red  Grov.-n  Gasoline 
Used  in  Test  of  a  Delco  Light 
Plant 29 

Z   -  Calibration  of  Red  Cro^Ti  Gasoline 
Used  in  Test  of  a  uelco  Light 
Plant,  (Calculation) 50 

3  -  Overall  JUfficiency  of  Delco  Light 

Plant 4:'^ 

4  -  Overall  Efficiency  of  Delco  Light 

Plant.  (Calculation) 46 

5  -  Calculation  of  Resistance  of 

Armature  ani  Field  of  Generator.  61 

6  -  Stray  Load  Loss 63 

7  -  Data  for  Flywheel  and  Compression 

Losses  in  the  Engine,  , 73 

8  -  Calculation  of  Motor  Outputs  to 

Find  the  Value  of  the  iJngine 
Losses 74 

9  -  Flywheel  and  Compression  Losses 

in  the  Engine 75 

10  -  Calibration  of  Anemometer  #1751.    79 

11  -  Calculation  of  Heat    to  Cooling 

Air ®^ 

12-;-  Efficiency  of  the  Ghurtt  Generator  ■  . 
of  the  Delco  Light  Plant S5 


part  i. 
A  lieneral  Description  oi    the  Plant  and  its  parxs. 
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Description  of  the  Delco  Lighting  Plant. 

The  Delco-Light  Plant  consists  of  an  air- 
cooled  gasoline  engine  directly  connected  to  an 
electric  generator,  v.ith  the  switchboard  monnted 
on  top  of  the  generator,  on  v;nich  are  the  neces- 
sary controlling  instruiiients.  These  are  all  in 
one  xuiit  and  may  be  called  the  engine  unit.   The 
second  imit  is  the  storage  batteries  consisting 
of  sixteen  glass  cells. 

The  Delco-Light  engine  is  a  four  cycle 
valve-in-the-head  type  with  mechanically  oper- 
ated intake  and  exhaust  valves. 

The  crank  case  is  made  of  cast-iron,  cast 
in  one  piece  . ith  an   inside  shell,  which  forms 
the  crank  case  proper  and  an  outer  shell  which 
provides  a  passage  for  the  cooling  air.  The  out- 
side shell  has  a  flange  cast  around  the  upper 
edge  to  which  the  draft  tube  is  attached.   The 
inside  shell  has  an  opening  at  the  top  machined 
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to  fit  the  cylinder, 

A  simple  fixing  v.lve  is  used  js  shown 
in  Fig.   1.   The  air  adjustiiiont  may  be  injde  by 
turning  the  ioiurled  c-p  so  js  to  increase  or 
decrease  the  size  of  the  openings.   There  is 
also  9  check  valve  on  the  li^ixing  valve  to  pre- 
vent the  gasoline  from  ruruiing  back  into  the 
tank  during  tne  interval  of  ti.i,e  between  ex- 
plosions of  the  engine. 

The  method  of  cooling  is  accjmplished 
by  building  tie  flywheel  in  the  form  of  a  fan, 
as  sho'OTi  in  Fig.  £,  which  throws  the  air  off 
at  its  face  or  periphery,  creating  a  suction 
which  draws  ?air  down  pist  the  cylinder.   Sur- 
rounding the  cylinder  is  a  drawn  sheet  metal 
draft  tube,  the  purpose  of  which  is  to  keep 
the  air  that  is  drawn  do-Ti  through  this  tube 
as  close  to  the  cylinder  as   possible.   It  is 
tapered  toward  the  top,  3nd  jir  is  drawn  down 
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FiK.    1    -  Mixing  V^lve. 


Fig.    2    -   Flywheel. 
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past  the  heated  cylinder  ut  a  high  velocity, 
providing  effective  cooling  without  the  use 
of  an  idditionul  fan.   The  path  of  the  air 
which  cools  the  engine  is  shown  in  ?ig.  3. 

The  cylinder  (Fig.  4)  and  cylinder 
head  are  covered  with  lins  which  distribute 
the  heat  over  a  Isr^e  ^ree,  thereby  giving 
arr.ple  radijting  surfoce  to  the  cooling  9ir. 

The  g'jsoline  tank,  which  is  -ittgched 
to  the  draft  tube,  has  a  capacity  of  one  g-:.l- 
lon;  this  is  sufficient  to  r;in  the  engine 
for  five  hours. 

The  crank  case  holds  bout  two  quarts 
of  oil.   Lipping  into  this  oil,  is  u  large 
gear  which  is  driven  by  a  s-^iller  gear  on  the 
crank  shaft.   This  gear  splashes  oil  upon  the 
bearings  within  tne  crank  cse;  and  at  the 
end  of  each  dov/nward  stroke,  oil  is  splashed 
upon  the  piston  and  carried  upward  on  the 
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i'ig,    3   -  Air-passage  Diagram, 
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piston,  lubricating  the  cylinder  walls.   On  the 
ends  of  the  crank  sh.-;ft,  ^re  oil  throwing  rings, 
VvTiich  prevent  the  oil  frou.  following  the  crank 
shaft  out  to  the  flyvmeel  on  one  end,  or  the 
armature  on  the  other. 

The  crank  shaft  is  a  heavy  drop  forg- 
ing, and  is  provided  with  counterbal-ince  weignts. 
It  is  mounted  with  a  ball  be-^ring  at  the  gene- 
rator end  to  receive  the  radial  and  end  thrust 
load,  and  a  roller  bearing  at  the  flywheel  end 
which  will  aceor.imodate  any  contraction  or  ex- 
pansion of  the  snaft  due  to  temperature  vari- 
ations. 

The  piston  is  m^de  of  riluminum  3lloy, 
and  is  fitted  ;"ith  three  piston  rings.   These 
are  cast-iron  and  of  the  eccentric  type;  this 
produces  uniform  pressure  against  the  cylinder 
walls.   Two  oil  carrying  grooves  :.re  turned  in 
the  lower  end  of  the  piston. 
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On  the  side  of  the  crank  ai'S,    is  a 
projection  containing  the  hreather  -ind  oil 
filler.   The  breather  is  packed  with  excel- 
sior to  remove  the  sriiOke  snd  oil  from  the 
g-ises  passing  throueh  it.   The  oil  filler  is 
G>6t  on  to  the  saire  piece  as  the  breather. 
The  breather  and  oil  filler  -are  snown  in  Fig. 
10. 

The  e2.h.:>u3t  pipe  is  provided  with  a 
sheet-iron  i^uffler,  and  is  tapped  to  fit  a 
one  inch  pipe. 

The  ignition  syitetu  conoi^ts  of  the 
ignition  coil,  with  a  resistance  unit  in  its 
end  and  a  condenser  in  its  base;  the  spark 
plug;  and  the  timer  contacts.   The  tiuier  or 
ignition  breuker  is  shown  in  iUg.  5.   It  con- 
sists of  a  set  of  contacts  operated  by  'j  cen- 
tral c'3m.   This  timer  c.^ni  is  on  the  end  of  the 
cam  shift,  -and  is  driven  ^t  one-hTlf  cr^nk- 
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Fig.    4    -   Cylinder. 


FjBRE  BLOCK 
CONTACT  ARM 


Fig.    5    -  Tixer. 
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te:.t  op  a  delco  lighting  plakt. 

shjitt   speed  by  spiral  ge.rs  (Fig.  7);  the  con- 
tacts are  made  of  tungsten. 

The  switchboard  (Figs,  b  &  9),  rigidly 
iittacned  to  the  generator  fraiiie,  is  aude  of  is- 
be^tos  fibxe,  -n   insulating  ukiterial  ;vnich  is  i^ot 
brittle.   On  the  front  are  .aounted  the  starting, 
stopping,  and  pov.^er  switches;  the  battery  gauge 
(acpere  hour  meter);  and  three  fuses,  one  in 
the  generator  circuit  and  two  in  the  load  cir- 

c  i-^i  t . 

'."hen  the  st  rtin^  lever,  which  is  lo- 
cated in  bout  the  center  of  Pip-.  7,  is  piilled 
down,  the  ignition  circ-  it  is  closed  ?nd  s  short 
circuiting  cont-ct  is  opened,  v/hi  ch  cuts  in  the 
series  field  winding  on  the  gener iter,  producing 
a  high  starting  torque.   The  series  winding  is 
shorted  out  ..s  soon  as  the  n-^nd  is  rei.-Oved  from 
tne  s>  itch  lever.   The  lever  is  aeld  up  u.agnetic- 
iilly,  as  soon  -S  the  engine  cOx-os  up  to  speed 
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Pig.    6    -   'irm^t-ure. 


SPIRAL  GEAR 


?ig.    7 


-  Cam   Shaft. 


TE3I  OF  A  DilLGO  LIG^ETIHG  PL-ilvT. 

and  the  generator  is  charging  the  battery. 

The  light  and  poirer  switch  is  the  two 
pole,  single  throw,  knife  switch  located  at  the 
side  of  the  starting  switch  above  the  two  S:,all 
fuses.   Opening  this  switch,  disconnects  the 
lip-ht  md  power  circuit.   The  generator  dr:  "be 
run  with  this  circuit  open;  all  of  the  pene- 
rated  current  then  sroes  to  the  btittery.   The 
stopping  switch  is  also  a  double  pole,  single 
throw,  knife  switch,  ^nd  is  used  for  eniergency 
purposes.   :ne  side  of  this  s'.iitch  opens  the 
ignition  circuit,  and  the  other  the  battery 
circuit. 

The  storage  battery  consi^jts  of  six- 
teen cells.  It  is  a  Zk  volt,  80  ampere  hour 
battery.  Each  cell  consists  of  positive  and 
negative  plates,  spaced  by  hard  rubber  ^nd 
wood  separators.  The  j:^irs  are  made  of  heavy 
glass,  and  have  a  water  line  gu.ird  marked 
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TElT  op  a  iSLCO  LIGEIIMG  PLANT. 

upon  tiierii.   One  of  the  cells  of  the  h  ttery  is 
a  pilot  cell;  tnis  i-as  two  j^ilot  tails  v«hich 
are  in  a  Sinall  cOi^p-irtment  hlovm  in  the  glass. 
The  specific  gravity  of  the  electrolyte  causes 
the  balls  to  float  or  sink,  indic-tting  the 
condition  of  charge  of  the  hattery. 
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iUg.    B   -  i'ront   of   Switchboard. 
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Plff.    9    -  ?9clr   of   ^wjtchbo^^rd. 
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LIGHT  AND  POWER  WIRES 


SWITCH  FOR  LIGHT 
AND  POWER  CIRCUIT  ] 


FUSES  IN  LIGHT  AND 
POWER  CIRCUIT 


FUSE  IN 
GENERATOR  CIRCUIT 

WHEN  HAND GET5T0THI5 
POINT  BATTERIES  ARE 
EMPTY 

AMMETER  HAND 


DRAFT   TUBE 


STOPPING  SWITCH 


MIXING  VALVE 


STARTING  SWITCH 


^BATTERY  GAUGE 


IGASOLINE  TANK 


BATTERY  LEADS 


WHEN  HAND  GETS  TO 

THIS  POINT.  BATTERIES 

ARE   FULL  AND 

ENGINE   STOPS 


FLY  WHEEL 


I.ONITION  BREAKER 


BREATHER 


OILFILLER 


OIL  DRAIN 


:^ig.    10   -   Outside  Vigtt    -f 
Delco-Light   Plant. 
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Part  2,    • 

The  Deteri..injtion  of  the  Overall  Efficiency  -^nd 
the  Auxiliary  Tests  which  acconipc-jny  this  Deter- 
mination. 
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Key  to  Part  Two, 

G.  -  V.'eiglit  in  grnms  of  gasoline  used  per  r\in. 

H.  -  B.t.u,  in  gasoline  in^'Ut. 

I-.  -  Line  Current. 

I^   ^      -  lotcil  Ourrent. 
tot, 

I^   -  Battery  Current, 

D. 

t.  -  tiaie  in  seconds. 

V.  -  Yolt:.ge  across  Switchboard  Terminals. 

F  -  ".Tatts  outt)ut. 
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DeternQinsxiion  o±   ualdriiic   value   oi   the 
uasoiine   used. 

Jielore  mSKing  »aj  tesiis   on  xhe  uelco 

Lignt  Plant,    it  was   necess-ary  to  aetermine   the 

calorilic  vaxue   oi   the   luel  usea   in  ma  King  these 

tests.      The   luei  usea  was   stanaard  Bea  Crown 

(iasoiine.      its  caioriiic  value  Wiis  aeteraiiried. 

by  means   ot  a    Domb  calorimeter,      in  oraer   to 

use   tnis  methoa,    it  waa  necessary   to   reauce 

the   evaporation  oi   tne   gasoline,    v/hile   tne 

bOiiiD  was    Deing  maae   up,    to   a  minliiium.      I'nis 

was  aoeo„xplisnea   by  putting  U.blOS  grij^is  oi 

chemically  pure   napthaiene   m   tne   pan.      I'neu 

a    saix^pxe   oi   tue   gasoj.ixj.0  usea  was   drav.n  inoo 

a   pipetue   ana    .4y   c.c.    ailov.eu  to   drop  into 

tne  pan.      This  i.Lmeai jtely  soaKea   into   tne 

liapthaiene,    tnus   allowing  only  a   negligible 

amoimi   ot  gasoline   to   ev:ir)orate.      The  ip^in  was 

taen  pi   cea   in   the    Domb,    ana   the   cover   tis'nt- 

enea  until  tne    oomb  was   air-tight.      4. bout   2u 
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atmospneres  of  oxygen  were  forced.  int/O  txie  bomb, 
whien  was  tnen  placed  in  a  caioriraeter  contain- 
ing 2H00  grams  of  water.  A  Pec  cuss  n  tnermometer 
ana  a  stirrer  were  pi3cea  in  tne  v/^ter,  ana.  tne 
iaxxer  stirrea  until  its  tempera-ciire  re^?'ined 
constant;.   Then  ilO  voJls  were  iii.pressea  across 
tne  terminals  oi  tae  Domb  tnrougn  a  resistance 
01  5U  oniBS,  tae  electric  circuit  being  com- 
pletea  inside  tne  boii.b  by  a  ime  iron  fuse  wire, 
wnicii  passea  tnrougn  tne  gasoline  soaKed  naptna- 
lene. 

Tne  neating  of  tne  iron  wire,  due  to 
tne  current  passing  tnrouga  it,  cauaea  a  vio- 
lent comous^ion  of  tne  gasoline  ana  naptnaiene 
in  tne  oxygen  atmospnere.   Tne  result  was  tJa^t 
lieat  was  liberatea,  ana  consequently  the  temper- 
ature Of  tiie  Vvoter  in  tne  calorinieter  rose. 
The  temperature  was  noted  on  tne  iSecKman  ther- 
mometer  every  5u  seconds,  until  ine  maximmu 
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i«emi>eA a i are  was  reacnea.      ine   rate   oi   fall   in 
tempera-cure  was  vaen  nox;ecL  lor  a   perioa  ox   4 
minutes.      The  radiation  loss  v^as   Ciiieuiated 
accoraixig   uo   jtsates   -   "Caiorimetry, "   as   snov,-n 
in  data    sneet  i\io.    E.      Aading  txiis   to   tne   ob- 
served m'^xinium  temperature   g:ives    una   correcoeu 
maxiinuiii  temperature,      to   oDtain  tne   correcbeu 
water  weignt,    tne  "uS  oer  equivi j.exit   ot   tne 
DOmD  was    jaaea  to    one  weigno   oi  water  in   tne 
calorimeter,    maiting  tne   oorrectea  water  weigiit 
2712  grams   or  5.973  lbs.      Since   the   specific 
heat   of  v/ater  \.as   sissumed   unity,    the   neut   giv- 
en off   dui'ing  comhustion   /.as 

B.t.u.    z  V.  (Ti-'l2) 
where   B.t.u.    is   the  ne&t   given  off  during  com- 
hustion,    .7,  the   corrected  ..eight   of  the  water 
in  poxmds,    and    (T]_-x£)    the  rise   in   tenper- 
ature   in  degrees  fah^enhait.      The  heat  given 
off  hy  the   combustion  of  the  gasoline  was 


Data    Sheet   Ho.    1. 


Calihrtition  of  Red  Grown  Gasoline 
UbdCL   in 
Test. of  a   Delco   Light  Plant. 

Graias.   wt.    of  pan  and  napthalene   -   6.5603 


Grams,  wt.   of  pan 


6.0500 


Grams,   wt.    ox   napthalene 


0.5103 


Degrees  Baurae 


56.00 


Tii^e  in 

Beckman 

Difference 

iiinutes 

Temperature 

in  degrees,    'i^ent. 

0.0 

0.795 

0.5 

0.800 

0.005 

1.0 

0.800 

0.000 

1.5 

0.800 

0.000 

2.0 

0.600 

0.000 

2.5 

1.900 

1 . 1 00 -Expl 0  s  i  on 

3.0 

3.620 

1.720     ocoTT^ed 
:;I290       here. 

3.5 

3.910 

4.0 

3.990 

0.060 

4.5 

4.000 

0.010 

5.0 

3.-995 

0.005-Ar.    rate 

5.5 

3.960 

0.015   of  vari- 

6.0 

3.970 

0.010  ation  after 

6.5 

3.960 

0.010  4.5  minutes 

7.0 

3.945 

0.015   is    .012 

7.5 

3.933 

0.012   degrees. 

6.0 

5.915 

0.018 

8.5 

3.910 

0.005 

S.O 

3.892 

0.018 

7-'^ 


Data   Shest  ITo.    2. 


Calibr:tion  of  T.ed.  Crov.Ti  Gasoline 

used  in 

Test  of  a  Delco  Light  Plant. 

Room  Teiiiperatxire   deg.F.  66.0 

Specific   gravity  of  gasoline  0.7527 

Water   equiv-ilerit   of    oomb   in  grs.  512.0 

'A'eight   of   ..uter   in  cjlorih.eter  in  grs.  £200.0 

Correct   wt .    of  v;ater   in  poxuias  5.973 

r:c.d.i-'tion  loss   in  degrees  Cent.  0.018 

Corrected  Texoip.    rise   in  deg.j".  5.792 

£.t.u.    gener:-.ted  34.595 

B.t.u.    in  naptnalene   per   It.  17,442.0 

B.t.u.    in  napthalezxe   in  te^t  19.602 

B.t.u.    in   .49  c.G.    gasoline  14.993 

B.t.u.   per  c.c.    gasoline  30.o00 

B.t.u.    per   grai;.  gasoline  40.65 

B.t.u.   per  pound  gasoline  18,455.1 
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equi.1  to  tiie  totjl  neJt  minus  tjae  heat  fiven 
off  by  th.e  coiabustion  of  tiie  napthalene.   The 
ho  it  given  off  by  the  gasoline  is  shov;n  in 
dat-  sheet  Ko.  2  to  oe  14.993  E.t.u.   Since 
.49  c.c.  gasoline  is 

14. 993/. 49  :  30.600  B.t.u.  per  c.c. 
This  result  was  citlcul^j ted  in  different  units 
^nd' found  to  have  the  value  of 

40.65  B.t.u.  per  gram  or 
16,455.1  B.t.u.  per  pound. 

Derivation  of  Overall  Efficiency  Formul-^e. 

The  three  units  in  a  Delco  Plant  allow 
•a  gre  t  vjrijtion  of  the  conditions  under  which 
the  pl-^nt  luuy  be  tested.   That  is,  power  may 
be  obtained  in  three  general  ways;  first,  from 
the  generator  directly  .ionout  tne  buttery 
attached  to  the  line;  second,  frou  the  battery 
directly  v.ithout  the  generator  being  attached 
to  the  line;  und.   third,  irou  the  generator 
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with  the  battery  across  the  line.   The  last  me- 
thod may  Toe  sub -divided  iuto  tnree  parts;  i'ir^-t, 
when  the  battery  voltage  is  higher  tnan  the  gene- 
rator terminal  voltage,  and  the  battery  is  sup- 
plying energy  to  help  the  generator  oarry  the 
lo.^d;  second,   hen  the  battery  volt-ige  is  equal 
to  the  generator  terminal  voltage,  and  is  neither 
.supplying  nor  taking  energy;  and  third,  when  the 
b^Tttery  voltage  is  lower  thsn  the  generator  ter- 
minal voltage,  and  is  taking  energy   from  the 
generc^tor,  so  thit  the  latter  i  ust  charge  the 
storage  battery  as  v.ell  as  cairy  the  external 
load,  iiside  from  the  above  methods  of  deliver- 
ing power,  there  are  also  several  conditions 
under  which  the  giS  engine  may  be  operated. 
For  example;  the  fuels  may  be  varied  in  com- 
position from  kerosene  to  ^asoline;  the  back 
pressure  on  the  exhaust  line  ..light  be  varied  to 
extreme  conditions;  the  conditions  of  cooling 
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might  te  varied.   In  fjct  innumerable  conditions 
could  "oe  cited. 

But  since  a  discussion  of  the  overall 
efficiency  under  e^ch  of  the  above  conditions  of 
operating  and  delivering  would  in  itself  miike 
necessary  a  very  lengthy  article,  it  *7ill  be  the 
purpose  of  the  following  pages  to  discuss  the 
results  of  a  test  made  on  the  Delco  Light  Pl->nt 
at  various  conditions  of  the  battery  from  zero 
per-cent  charge,  with  gasoline  as  the  fuel,  with 
the  gas  engine  running  under  norii-al  operating 
conditions,  v.ith  tne  generator  supplying  all  the 
energy  and  the  battery  floating  across  the  line, 
neither  supplying  nor  taking  energy  from  the 
system. 

YThere  a  gas  engine  is  involved,  there 
are  two  efficiencies  which  must  be  taken  into 
consideration  in  determining  the  overall  ef- 
ficiency.  The  first  is  the  mechsnic?^l  efficien- 


I      '.: 
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cy,  the  second,  th.e  thermodynamic  or  thermal 

efficiency.   The  former  is  the  ratio  of  the 

delivered  horse-po.er  to  the  net  indic^'ted 

horse -peer  -:s  obtained  froji  ^n  indicator 

Gird.   It  may  be  .witten 

Mechanical  Efficiency  r  -I^'.h.p (1) 

i. .  n .  p . 

where  D.h.p.  is  tne  delivered  horse-pov.er , 
and  I.h.p.  is  the  indicated  horse-pOvver. 
This  efficiency  is  a  measure  of  the  pov/er 
lost  due  to  the  mechanic  ..1  friction  of  the 
motor,  and  of  the  power  required  to  force 
the  charge  into  the  cylinder.   It  is  the 
true  efficiency  of  the  g^s  engine  with  re- 
spect to  its  mechanical  operation,   ^ov/ever, 
since  this  efiiciency  is  not  a  measure  of 
the  various  other  losses  in  a  gas  engine,  it 
cannot  be  used  alone.   The  thermal  efficiency 
is,  ho., ever,  -  measure  of  the  losses  not  tak- 
en care  of  by  the  mechanic -1  efficiency. 
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Ihis  efficiency  may  be  stated  as   the  ratio  of 
the  mechanical  energy  delivered  to  tne  piston, 
to  the  heat  energy  liber. ted  by  the  co...bustion 
of  the  luel.   The  mechanical  energy  delivered 
to  the  piston  is  the  I.h.p.  of  eQUution  (1). 
The  heat  energy  liberated  by  the  coiubustion  of 
the  fuel  is  the  horse-power  second  equivalent 
to  one  horse -power  second,  the  thermal  ef- 
ficiency formula  may  be  vvritten 

Thermal  Efficiency  =  .7069  x  t  x  I«h.p (2) 

E 

where  H  is  the  B.t.u.  input,  t  is  the  time  in 
seconds  of  corrbviStion,  and  I.h.p.  is  the  indi- 
cated horse-pov;er  as  obtained  from  an  indicator 
card. 

From  the  above  it  is  seen,  that  to  ob- 
tain the  overall  efficiency,  the  entire  engine 
losses,  or  tne  losses  i^easured  by  both  the 
mechanical  and  thermjl  e-iiciencies,  must  be 
taken  into  account.   Ihus  tne  entire  engine 
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losses  may  be  groapea  together  ana  measured 
by  wuax  wouxl  oe  cailea  xne  engine  eiiiciency. 
J3y  muixipiyxng  equations  (ij  ana  (£)  toge-cuer, 
tne  resuxv  will  ue 

Engine  Efiiciency  =  ♦'''^^^  x  o  x  i,n,v,   ^  v.ti.-p, 

h.  i.n.p. 

or 

ifingine  ififlieiency   »   .VJb^  x  t   x  L'.n.p.    ..,.(^5^ 

R 

The  et'iiciency  or  tne  generator  ana 
switcnboara  may  oe  aerivea  irom  tne  equation 
that  etiiciency,  in  general,  is  eaual  to  out- 
put, over  input.   It  is  then  cxpressea 

r,       .  "71 

i^enerator  &  SwitehDoard  Ei't.    =  

Y4bxD.h.p. 

v;Jiere  V  is  tne  terminal  voltage  at  tne  switcn- 
boara, i  is  tne  line  current. 

Tne  overall  efiiciency,  whicn  in  words, 
is  tne  ratio  of  tne  plant  output  to  tne  plant 
input,  is  tnereiore  equal  to  tne  pioduct  or 
engine  eificiency  tii..es  generator  '^nd  svvitcJi- 
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board  efficisncy.   Thus,  by  multiplying  to- 
gether equations  (3)  and  14),  the  re  ult  is 

TT  T.-P+'-  •        .000948tVT   ,  '      ,p> 
Overiill  Efticiency  - (5) 

Since,  from  the  data  sheet  No.  £, 
there  ure   40.65  B.t.u.  per  gram  of  gasoline, 
then  the  input  in  B.t.u.  per  xun   \.as 

E  =  40.65G 
where  G  is  ti^e  weight  in  grams  of  g!iB  used 
per  run. 

If  W-^f   watts  output,  is  substituted 
for  VI,  then  equation  (5)  reduces  to 
Overall  Efficiency  -  ^'^'^'^'''x  ^  ,^-6  (6) 

where  T^^,  t,  -ind  G  have  the  sar.  e  values  .as 
before. 

General  Arrangement  of  Plant  and 
iipparatus  for  Testing. 

The  plant  was  bolted  to  a  hard  wood 

buse  15  inches  high.   This  bse  was  la^tenad  to 

a  girder  underneath  the  xloor  by  uieans  of  four 
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^   inch  bolts  40  inches  long.  T'ae^e   extended 
tnrough  the  base,  through  the  floor,  and  bolted 
to  two  £x4  inch  cross  pieces  on  the  under  oide 
of  the  girder.   This  base  proved  to  be  an  ex- 
ceptionally solid  foundation  for  the  plont. 

The  exhaust  line  consisted  of  a  2  Jnd 
a  4  ft.  length  of  1  inch  pipe,  connected  by 
means  of  a  45  decree  elbow  to  the  muffler. 
This  may  be  seen  in  the  figure  on  page  24. 

In  looking  over  eqix?tion  (6),  and  the 
method  of  deriving  it,  it  WiS  fOLind  that  four 
quantities  had  to  be  ..easured  in  euch  run. 
They  are  as  follows: 

A. -Time  in  seconas. 
£.-V eight  Of  gasoline  per  run. 
C. -Voltage  across  generator. 
D.-Line  Current. 

For  -neasuring  the  time,  a  stop  watclx 
whicn  measured  to  fractions  oi  a  second  was 
uaea.  A   4-inch  fair bank  equal  arm  balance  was 
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employed  in  weighing  the  gasoline.   The  gaso- 
line v;ds  containea  in  a  quart  can  witn  '-.m  open- 
ing at  the  top.   Througn  tnis  opening,  v, itnout 
touching  txie  siaes  oi  tne  container,  tne  gas 
line  projected  to  aboux  -^  inch  Troiu  tne  bottom. 
The  balance  >ind  gas  container  may  be  seen  on 
page  24,  as  -et  up  tor  a  tcou.   to  miniiuize 
the  vibijti.n,  tiie  baianoe  vras  placed  on  a  3 
incn  t'eit  pad;  -^  incn  leit  paus  -.ere  axso  placea 
on  tne  baxance  pans,   -i  piece  o±"  fb  j3.  ana  d. 
gauge  copper  wire  was  attacnea  to  tne  rlgnt  hana 
■balance  pan,  so  tnat  v.hen  a  balance  wis  obtamea, 
tne  eua  ot  tne  copper  wire  just  touched  tne  top 
of  tne  ;iiercury  in  a  mercury  cup;   This  closed  a 
circuix  tnrough  tne  frame  of  tne  b^jance,  a 
storage  Lattery,  aud  a  ou^zer;  and  gave  indication 
of  a  balance. 

The  rer  Binder  of  the  factors  necessary 
in  equation  i6),  the  measurement  of  current  and 


40 


TEST  01   A  DELCO  LiGHTlBG  PLili!JT. 

voltage,  may  best  De  expiainea  by  rel'erence  to 
figure  11.   It  is  seen  tnat  tHe  battery  was 
floating  on  the  line.   There  was  an  ammeter  in 
the  battery  circuit;  this  was  kept  at  zero 
throughout  ail  runs.   As  the  "battery  -rjs   brousrht 
to  a  fixed,  point  of  charge  before  each  run, 
current  could  not  be  taicen  from  it  for  starting 
the  engine;  an  external  source,  therefore,  had 
to  be  used.   This  consisted  oi  the  drop  over  a 
loaa  box,  v/hicn  wab  in  series  with  a  lauip-racK: 
across  a  liu  volt  circuit;  the  drop  over  the 
loaa  box,  when  no  circuit  v/aa  being  taiien  by 
tne  generator,  was  about  40  volts. 

The  view  of  the  apparatus,  as  set  up,  is 
shown  on  page  84, 

Procedui'e  in  JJetermination  of 
Overall  iifficiency. 

In  uia icing  a  run  with  tne  scheme  shown 

in  figure  11,  tne  procedure  was  as  foilov;s: 
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THe  batxery  was  run  several  times  tiirougn  a 
cycle  of  coiiipiete  cnurge  and  aischarge  j"c  tiie 
normal  rate  or  £0  amperes.   Tiien  tne  battery 
was  cnargea  to  tuil  ciiarge  and  tne  run  started. 
Tile  battery  wac  disctiargea  until  tne  ampere- 
hour  meter  in  tne  cattery  circuit  Inaicjxed  a 
certain  per-cent  cnarge  in  tne  battery.  Novf 
the  battery  v.-as  tai^en  o±'i  tne  load  and  allow^^d 
to  recuperate  lor  iive  minutes,   r.lean.hile,  the 
generator  was  started  rrom  the  external  source 
ana  aiiov.ecL  to  ne^t  up  lor  tne  suue   perioa  ol 
live  Liinutes.  iiiter  oeiiig  neatea  up,  the  gas 
engine  was  stopped  and  tne  gasoline  container 
filled  vritn  gasoline.   The  engine  v.as  dgain 
started  iro.^  tne  external  source,  and  the  ex- 
ternal loaa  thrown  onto  tne  generator.   The 
battery  v>'as  tnen  throv/n  across  the  line,  snd 
floatea  so  tnit  it  neitner  received  nor  delivered 
power.   This  "pure"  floating  was  accouipiisned 
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by  varying  tne  BumDei'   oi   lainps   in  tne   external 
load.      ■,7nen  sxeacLy  concLitions  v. ore  reacnea,   tne 
gasoline   cOiitainer  v;lis    baiancecL   and.   tnen  a    2 
gram  v.eignt   takex:  o±'i.      ..iaen  L  grains   oi  gasoline 
v.ere  consumed,   a   balance  would   oe  indicated   by 
the  b-aszer;    at   this   ti;..e   tne   stop  v,'jtcn  was 
started.      A   50  gram  v^'eignt  was   now  taicen  ofr, 
and   tne   stop  watch  let   run  tuatil   the    buzzer 
indicated  a   balance   again.      This    i-'-ave   the   time 
required   to   consume   50  grams.      During  the   run, 
readings  ?/ere  taken  o±'  the   specific   gravity  of 
eight   cells,    and  an  averas-e   of   these  made. 
Readings   v;ere  also   taken   of   the   following  instrn- 
ments:   ampere -nour  m.ter,    auinicter,   voltmeter  and 
tachometer.      The  above   set   of   operations   com- 
pleted  the   run  for  this   condition  of  the   tatteryc 
Hxuas   similar  to   the  above  were   made  v.ith  tne 
battery  at   various   points   oi   charge,    ranging 
from  full   Charge  to   i.ero   charge.      GhecK  runs 
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were  taKen  at  ail  poinxs  tnrougnou"C  the  test, 
Tne  data  taien  is  snov;n  in  data  sneet  #3. 

DiriiGuities  Encountered  in  tne  Test. 
Beiore  oDtaining  tne  iinal  results, 
several  aiiiiculties  were  encouoatered,   une 
or  tnese  v.as  due  to  tne  fact  that  a  run  was 
maae  immeaiateiy  alter  aiscnarging  tne  batte- 
ry; as  no  time  was  given  lor  tne  oatxery  to 
recuperate  irom  polarization  errects,  tne 
Daiitery  voi"CTe-e  rose  during  tne  run,  tnereoy 
aiiected  tne  results,  Alter  tnis  error  V7as 
noted,  tne  batx/ery  was  aliowea  uo  stand  aoout 
ten  Eiinutes  alter  discharge,  auring  wnicn  "cime 
tne  engine  was  warmea  up. 

A   great  deal  oi  trouble  was  «ii.perienced 
in  ODtaining  tne  gasoline  consuiiiption  accurately, 
aue  to  tue  excessive  viDidtion  oi  tne  scales. 
This  was  remeaiea  oy  pxtcxng  alternate  layers 
of  felt  and  ruDoer  padding  to  a  tniCiOiess  oi  3 
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Overall  Efficiency  of  Delco   jjighting  rl^nt. 


H 

V 

Time 

R.p.m. 

'•x 

Eff. 

Xw-hr. 

Amp .  -ii.x' 

in  sec 

• 

Output 

Lleter 

Zo.l 

22.7 

264.7 

1000 

799 

9.85 

.0587 

100 

'ckj  •  6 

33.8 

247.5 

1005 

800 

9.23 

.0549 

100 

Ji4.7 

32.5 

252.0 

1030 

803 

9.45 

.0562 

92 

24.8 

32.5 

252.6 

10L5 

806 

9.50 

.0566 

92 

L4.6 

259.2 

1010 

795 

9.62 

.0565 

82 

24.5 

32.8 

245.0 

IJIO 

802 

9.19 

.0545 

82 

25.  8 

31.5 

257.1 

1025 

812 

9.21 

.0536 

71 

25.4 

ol.6 

2o4.8 

1025 

810 

8.85 

.0528 

71 

26.7 

30.8 

228.8 

1050 

8£3 

8.80 

.0523 

63 

go. 5 

30.9 

241.1 

1040 

789 

8.90 

.0528 

63 

27.7 

28.3 

218.5 

1120 

784 

8.00 

.0477 

56 

27.2 

26.6 

228.1 

1060 

778 

8.30 

.0493 

56 

29.2 

25.3 

214.2 

1155 

736 

7.36 

.0438 

50 

£7.8 

27.0 

222.1 

1115 

750 

7.78 

.0462 

50 

50  grams   gas  used  in  all  runs. 
Instruments  used 

I]_-#2098  V-#1155   Sto^  77atch  #2 

Tachoraeter   #29943. 
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Overall  Efficiency  of  Delco  Light  Plant, 


^  Charge 

Av. 

Av. 

Av. 

Av. 

Kv/-hr . 

Gal. 

Cents 

of 

R.p.m, 

Spec . 

Eff . 

Kw-hr. 

per 

per 

Cost 

Battery 

Gr3v. 

Output 

Gal. 

Kw-hr. 

per 

Kw-hr 

0 

1155 

1.171 

7.57 

.0450 

2.57 

.369 

7.44 

12 

1100 

1.177 

6.15 

.0485 

2.77 

.361 

6.91 

36 

1045 

1.163 

8.95 

.0525 

3.00 

.333 

6.37 

43 

1025 

1.192 

9.03 

.0532 

3.04 

.329 

6.25 

64 

1010 

1.202 

9.40 

.0555 

3.16 

.316 

6.04 

84 

1027 

1.211 

9.48 

.0564 

3.22 

.310 

5.89 

100 

1002 

1.218 

9.54 

.0568 

3.24 

.308 

5.85 

Co 

St  of  r<j 

isoline 

ossiiired 

Tt    19    c 

lents   per  gallon. 
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incnes  unaernea-cn  tne  sc-^les. 

iiecause  moie   vanu  one   run  v/as  aiuae 
beiore   reiiiimg  ziie  gasox±iie  container,    ix 
was  t'ouna  tnat   the   gasoime  aia  xiot   leccL  jjro- 
periy,    ciue  "co  a    cnuuge   m  "Cne   level  oi   xne 
gasoline,      xnis  was   found  to   artect   tne   ei- 
ficiency  results,    so   tnat   consistent  results 
couia  not   be   ODtainea  witn  tne   two   aiiierent 
levels,      i'illing  "cne   coniiainer   oeiore   eacn 
run  obvia-Dsa   tiiis  diiiiciilty. 

Galcuiation  oi  Data. 
using  equation    |b),    tne   overall   ei- 
ficiency  was   caxcuia oeu   irom  tne    uabulated 
data   in  sneet   f3.     *4S   bU  grams  was  tne   con- 
stant v/eignxi   01   gi-.soiine   usea   m   eacn  run, 
equation    ibj   may    oe   reaucea   to   tne   lollowing 
foriu:- 

Uverali  jiiiiiciency   =    .^xo-/t7Ij^l'J~'^ , . .  ['f ) 
By  suDStituting  j.n  equation   ['( i ,   tne 
eiiioiency  is  ODtaineu  airectly.      i'or   instance, 


I    ■     ,  .■   .  1 
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wJien  tne   time  was   2b4,7   seconds  ana   vhe  watts 
output  was   vyy  watts,    tne   eiiiciency,    using 
equation    (Y),   was:- 

JflXl.    =    .46Y   X   Ji64.Y   X   799  x  10"^    r    .09b5    =   9.55% 
A   calculation  7;as  aiso  ajaae   oi   tne    kliowatt- 
nour  output  per  gallon,    ana   oi   tne   gallons  per 
i£iiowatt-aour  output,      xo   iina   tnis,    tne   5U 
grams  input  were   enangea  to   gallons,     ^s  tne 
speciiic   gravii/y  ox  tne   gasoline  used  was    .7527, 

50  grams  are    eoual   to 

50 

=  bb.4  CO.  =  .01752  gallons. 

.7587 

To  Obtain  tne  Kilowatt -hour  output,  the  watt- 

seeonciS  were  diviied  hy  3b00  x  lOOu. 

From  tnis,  tne  Kilowatt -hour  output  v/as  expressed 

as 

iLW-hr.  Z  .2775tu'^10~^ (b) 

As  this  output  was  produced  oy  .U1Y52  gallons, 

then  one  gallon  produced 

iiw-hr.  per  gaiion  r  Kw-hr.  per  run.  ,_,yj 

.01752 


'MV  I.     .     -     .     . 


■■■■■.t     ■      '■'■'■'    •  ■> 
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SuDstixuxing  in  equations    (b)    and    (y),   the 

kilowatt-noxiTS  per  run  ana   per  gaiion  was 

obtained  liUiiecLiateiy.      if,    lor  exaiLpie,    tne 

tiine  was   2b4.7   seconds,   and  tJie  watts  ouoput 

were   vyy  v/atts,   tiie    tiiowatt-nours  per  run 

were    froir.   equation    (o), 

.2VYb  X  <i64.Y   X  Yyy  x  iU~^   =   .U5d7   {ial.   per  run. 

ij'rom  equation    (yj,    tJae  iLw-nr.   per  gaxlon  v.'er© 

.UbbY      _  3.225  Kw-hr.    per   gallon. 
73I7&2 

The   gallons  per  'K:.'-'-hT,   were  the  reciprocal   of 

the   above  v^ere   equal   to 

1        «   .5005   gallon  per  Kw-hr. 
3.3E5 

To   obtain  cost   figures,    a    cost   of  ffsso- 
line  per  gallon  h  d  to  be   assumed;    this  was   chos- 
en  jt   19   cents  per   gallon.      Uow  by   obtaining  the 
product    of  gallons   per  Zw-hr.    and   cost   per   sr^llon, 
it   is  apparent   th>t   the   r:;-sult    is   cost   per  Zv;-hr, 
An  ex-iTuple   of  this  u.ay  be   taken  ..hen  the   gallons 
per  Kw-hr.  v;ere    .1760.      The   cost   per  Kv.-hr.   was 


;  ;,.i  . 


a    1 


,...;,  ,L 
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then  found  to  be 

.5005  X  19  =  i3.71  cents  per  Xw-hr. 

Discussion  of  rvesults. 

After  all  the  d^ta  was  calculated  in 
the  above  manner,  the  results  were  tabulated  in 
data  sheet  #3.   To  obtain  a  graphical  represen- 
tation of  the  data,  a  set  of  curves,  see  page  53, 
were  drawn  with  the  per-cent  charge  of  tue 
battery  as  the  independent  variable.   These 
curves  show   how  tne  specific  gravity,  the  pene- 
ritor  voltage,  the  speed,  the  efficiency,  and 
the  cost  vary  with  the  per-cent  ch'^r^-e  of  the 
battery. 

It  siiould  be  noticed  that  the  volt^e:© 
curve  is  very  flat  :.et..een  40  a^^d  65  per-cent 
charge,  wi^ereas,  below  40  per-cent  churge  the 
voltage  decreases  very  rapidly,  itnd  above  65 
per-cent  chc^rge,  tne  voltage  increases  very 
rapidly  per  uxiit  cno^nge  in  charge.   The  per- 
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cent   variation  in  battery  voltage  between  the 
lituits   of  40  per-cent   and   85  per-cent   charge 
may  lie   expressed  as 

5£.5-51»5    _    .0317    =   3.17=15. 
31 . 5 

The  variation  in  speed  W5s  from  1135 
R.p.ui.  at  zero  per-cent  charge  to  100£  ?:.p.m. 
at  100  per-cent  charge.   This  decrease  of  speed 
wj-th  an  increase  of  the  per-cent  charge,  '.vas  due 
to  the  fact  that  the  load  increased  as  the  per- 
cent charge  increased. 

The  cost  and  efficiency  curves  indicate 
that  the'  iLOst  efficient  point  of  operation  of 
tne  engine  and  generator  is  ./nen  the  tatxery  is 
at  100  per-cent  charge,  .it  this  point  the  ef- 
ficiency was  a  iiiaximum  of  9.54  per-cent  and  the 
cost  a  uxiniunim  of  5.85  cents  per  Xw-nr.  output, 
ffrom  about  50  per-cent  cn^rge  to  100  per-cent 
charge,  the  efficiency  and  cost  curves  lire  nearly 
flat  and  have  values  of  9.47  pr-r-cent  for  the 
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efficiency  curve  and  5.95  cents  per  Kw-hr.  for 
the  cost  curve. 
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part   3. 

The  Lietbods  Used  and  I-.esults  Obtained   in 
Approximating  Several   of  the  Losses   in  the 
Outfit;   and   the  i.uxiliary   Tests  necessary  in 
Deteruiining  tnese  Losses, 


55 


OJL  HOLE 


OIL-LESS    BEARING 


r 

OILTHROWER 

— 

-^>4i 

__   CONNECTING  ROD  BEARING  | 

CRANK  CASE 

-w 

-^m 

^ 

BASE 

m 

( 

Cross-Section  of  Delco-Lia-ht  Plant. 
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Key  to  Part  3. 

I  -  Armature  Current. 
a 

I  -  Field  Current. 

I  -  Line  Current. 

R  ,  Resistance  of  Armature  and  Brushes, 
a+D 

Rj-  Resistance  of  Field. 
V  -  Armature  Voltage, 


Y  -  Line  Voltage.  " 
Pg-  stray  Load  Loss, 
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CalilDr.ition  of  tlie  Generator  for  use. 
as  a  Motor. 

In  the  deterraindtion  of  the  losses,  as 
described  in  the  following  pages,  the  calibrated 
motor  method  was  used.  • 

'.Then  calibrated  as  a  motor,  everything 
was  removed  froi>.  the  crank  shaft.  The  Oi^ly 
povirer  supplied  to  the  inotor  v;as  that  necessary 
to  overcoiiie  electrical  losses  and  friction  and 
windage  losses.  These  may  be  divided  into  two 
groups. 

(a)  The  copper  losses, 
(bj  The  stray  load  losses. 
The  copper  losses  are  subdivided  into 
two  ptirts,  an  armature  loss  and  a  field  loss; 
these  may  be  expressed  ^^s 

arm.  copper  loss  =  la^-atbi 
field  copper  loss  =  ^^^^^» 

where  I  is  the  armature  current.  If  tv,Q  shunt 
field  current,  P.gtb  ^^^  resistance  ox  the 
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armature  and  brushes,  and  '^   the  resistance 
of  the  field. 

The  stray  load  loss  consists  of  the 
hysteresis  and  eddy  current  losses,  and  the 
friction  and  aindage  losses.   As  the  l^^tter 
losses  are  dependable  upon  the  speed  of  the 
machine,  they  will  be  constant  for  a   gjven 
speed.   The  hysteresis  and  eddy  current  losses 
will  vary  v.'ith  both  the  speed  and  the  voltage 
of  the  machine. 

In  determining  the  stray  load  loss, 
the  field  circuit  was  ope^ied,  and  an  aauiieter 
and  rheostat  inseroea  as  snown  in  Mg.  1£. 
This  figure  also  shov/s  tne  uieans  of  apply- 
ing a  variable  voltage  raross  the  armature. 

The  procedure  v.as  that  outlined  in 
the  A.I.E.E.  standardization  lules,  and  is 
in  brief  as  follows;   The  speod  v/a,s  kept 
constant  at  1000  R.p.m.  by  means  of  the  field 
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riieostat,  and  readings  were  taken  ox  instru- 
u^ents  at  various  voltages,  Iro^  a  maxiiaUia  of 
70  volts  to  ij  ..linimum  of  18  volts.   The  re- 
sults v/ere  tabulated  in  data  sneet  i\'o.  6. 

The  stray  load,  as  shown  in  thic  data 
sheet,  was  equal  to  total  ira^ut  minus  the 
copper  losses.   To  obtain  the  copper  losses, 
reference  was  made  to  values  of  resistances 
,s-iven  in  the  curves  on  pas^e  62,   The  curve 
obtained  from  data  sheet  I^o .  6  is  shown  on 
pa  ge  64 . 

i;eteru.in^tion  of  the  Friction  and 
jVindage  Losses. 

It  vras  desired  to  ^ecure  an  idea  of 
the  rel-tive  values  of  tne  lo^ssii  due  to 
friction,  windage,  and  co..pr33Sion  in  the 
engine.   The  luost  si..-ple  .^ethod,  which  pre- 
sented itself  for  the  deteriiiination  of  tne 
above  losses,  was  tnat  of  the  calibrated 
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])ata    Sneet  Bo,    5* 


Calculation  of  F.esistance   of  i-rinature 
and  Field  of  Generator. 

Temperature   of  Field   at   100°F. 

Voltmeter  /.cross   Switchboard  Terminals. 

Av.    I      5.0      7.5   10.0  12.5   15.0  17.5   20.0   22.5   25.0  30.0 

Av.    V   1.55   2.31   3.11    3.80  4.51    5.22   5.94    5.61    7.32  8.70 

Ees.       .310    .308    .511    .304    .300    .298    .297    .294    .292  .290 

Voltmeter  Across  Brushes. 

(Armature  &   Brush)  ?ield. 

Av.    I      2.5      5.0     7.5   10.0  12.5  15.0  20.0  25.0  0.96 

Av.    V      .67   1.35    2.00   2.67    3.28   3.98    5.26    6.54  32.6 

Ees.       .266    .270    .267    .207    .267    .265    .264    .262  3.4 

Voltage  Across  Armature. 

Av.    I      2.5      5.0      7.5   10.0  12.5   15.0   20.0  25.0 

Av.    V      .50   1.04   1.58    2.13   2.72   3.35   4.60  5.96 

Ses.       .200    .206    .211    .213    .218    .223    .230  .239 


^^:i>: 


.62 


^ 

m 

1 

ii 

^ 

jganH 

^ 

^^^^^^^^^^^^^^^^H 

^ 

j 

Data  Sheet  No.  6. 
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Stray  Load  Loss. 


V 

70     65 

58.2 

34.7 

18 

If 

1.95  1.74 

1.25 

.45 

0 

Itot 

5.5    5.42 

5.Q5 

5.60 

22.5 

la 

3.55    3.66 

3.80 

5.15 

22.5 

Ea 

.311    .311 

.310 

.310 

.295 

laEa 

1.105   1.145 

1.180 

1.600 

6.630 

Ec 

68.89   63.65 

57.02 

33.10 

11.37 

Ec^a 

244.     235 

217 

171 

256 
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liiOtor. 

It  was  decided  to  obtain  the  data  for 
iLOSt  of  these  losses  before  the  p-enerator  was 
calibrated  as  a  iuotor,  l.3  this  culibration 
would  require  the  tearing  down  of  '.ho  plant. 
The  objection  to  calibrating  first,  lay  in 
the  fact  that  if  the  machine  were  once  torn 
do'.rn,  on  reasseii.bly  the  frictim  of  some  of 
the  parts  would,  in  all  probability,  be 
changed  due  to  the  machine  requiring  a  "break- 
ing in"  onc3  more. 

Fig,  13  shows  the  arrangement  of  the 
motor  connections  which  were  used,  Aa   will 
be  noted,  only  the  shunt  field  of  the  iuotor 
was  used;  the  snort  circuiting  of  the  series 
field  was  adhered  to  throughout  all  the  tests 
made.  An  amiiiOter  Af  v;:is  placed  in  the  ohunt 
field  circuit;  this  was  accOi^plished  by  re- 
aioving  one  side  of  the  shunt  field  from  the 
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armature  connection  und  bringing  lei^dE  out- 
side the  machine  to  the  ani^eter.   The  volt- 
meter was  placed  across  the  terminals  of  the 
switchboard  (a  correction  v,;ia  juade  in  the 
calcalcitiJiiS  xor  the  drop  in  the  switchboard) 
An  ammeter  A  was  used  to  measure  the  total 
current  supplied  to  the  ootor. 

In  order  to  drive  the  engine  at 
rated  speed,  1000  F..p.n.,  the  voltage  im- 
pressed across  the  motor  had  to  be  far  above 
thyt  Vv'hich  could  be  supplied  by  the  battery; 
therefore,  an  external  source  of  current 
had  to  be  resorted  to  a  110  volt  source  w:js 
used,  and  a  laii.p  rack:  was  placed  in  series 
with  this  as  shov/n  in  the  figure.   By  i^eons 
of  varying  the  number  of  la.\.ps  ii^  circuit 
in  tne  lamp  rack,  a  wide  range  of  volt- ge 
could  be  obtained  across  the  li.otor. 

The  first  loss  which  was  determined 
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was   that   due  to   the  pov-er   required   to   cir- 
culate  tiie   cooling  air  tLrougli  the  machine. 
This  was   aGCO:;.pliSjiied  as   follovis:      The   en- 
gine was  run  hy  its   own  x'uel  in  tue   regular 
way  until  at  nori^al   operating  tei^^perature. 
The   gas  line  was   then  disconnected  -nd  the 
engine  driven  by  the  motor  at  1000  F. .p.m. , 
the  input   to   the   motor  was   recorded.      The 
flyvi'heel  w::s  next   removed   from  the   engine, 
and  the   openings   ox   the  vanes  were  "blocked. 
This  blocking  -Nns   done   by  glueing  lonn-  strips 
of  heavy   dra">'ing  paper  about   the  periphery 
of  the  fly^.vheel,    and  then  binding  this   se- 
curely to  the   flyk':heel  by  means   of  heavy 
tv/ine.      This  proved  a   very  effective  manner 
of  bloox^ing  the   flywheel   openings,   as  v;as 
shown  by   the   fact    that  vi/nen  the   engine  was 
run,    a   piece   of  tissue  paper  placed  before 
tne  air   intakes   shov.ed  no   tendencj*   to  be 
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sucked  in.   The  engine  wss  run  until  it  reached 
normal  teiuperature  again.   The  gas  line  'ajs 
quickly  disconnected,  and  the  engine  di Iven 
by  the  laotor.   The  input  to  the  Laotor  was  re- 
corded.  Kow,  £.ince  the  outputs  of  the  u.otor 
vi^ere  eguivalent  to  the  powers  required  to 
draw  the  engine,  tne  difference  of  the  out- 
put first  v/itn  the  eng-lne  in  norudl  condition, 
and  then  with  the  vanes  blocked,  gave  the 
power  rec;uired  to  circulate  the  air  through 
the  generator  and  engine. 

The  next  observation  was  made  with 
the  fly-heel  removed.   The  difference  be- 
tween the  output  of  the  ruotor  for  the  pro- 
ceding  case  and  the  out-nut  of  the  .otor  for 
the  nevv  condition,  'ras  the  be^rin?  friction 
and  v.indige  due  to  the  fl3rtvheel.   The  -.vindage 
here  is  -side  froiu  that  due  to  the  pumping 
action  of  the  flywheel. 
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On  removing  the  piston  frou.  the  crank- 
shaft, it  was  found  th  t  the  crankshaft  could 
not  "oe  driven  safely  witnout  rer-oving  tna  pis- 
ton frou.  the  cylinder,   i'he  sia.plest  v.ay  of 
doing  this  required  the  cylinder  to  be  re- 
moved, so  iu  was  decided  to  entirely  disman- 
tle the  liachine,  and  the^.  pluce  e^ch  part 
hack  on  and  measure  as  ijuiiy   losses  as  it  Mas 
possible  to  observe. 

While  Che  machine  v;a3  in  this  ais- 
asse..:bled  condition,  the  runs  for  cJlibrating 
the  generator  as  a  motor  rare  m^de. 

The  machine  as  it  nov;  stood  h'Jd  only 
the  cr:Jnkshait  ^nd  trin^^ture  in  pl'^ce.   It  was 
Vi^arined  up  by  running  the  motor.   The  irmut 
to  the  motor  was  measured.   The  complete  valve 
inechanism  was  now  placed  on  the  ^lachine  (this 
necessitated  placing  the  cylinder  ;.aid  he:Jd  on) 
and  the  input  to  the  uiOtor  -measured  once  mora. 
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It    «v::s  found,    thousli  r;ither  surprisin?, 
txijt   the    input   laquired   to   operite   the   uachine 
v.'liQn  tlie  77hole   valve  uiechanism  was   in  place, 
was   less   trian  that  required  v/hen  the    cylinder 
v«r3.s   re..oved  together  with  the  valve  iiiech-in- 
is:^.      It  v/as  decided  that   tiie   inconijiotuncy 
of  tiie   results   l^y  in  the  fact   that   the   in- 
ereysed  vibration   in   the   c^se    ,»here    the    en- 
gine  was   cu...pletely  disuiantled,    accounted 
for  a   greater  input  here   than  ./as  required 
when   engine  7/as   partially  huilt   up.      Al- 
though thbre   undoubtedly  was  a   gre-ter 
friction  and  operating  loss   in    bhe  latter 
thi^n  in  the   former  case,    the  loss  due   to  vi- 
bration far   overshadowed  this. 

'.'lien  the  push  rods  rere   re:,  oved  from 
their   pistons   ;^nd  s    run  made,    it  was   found 
here   also,    that   less   input  was   required  with 
the  push  rods   in  place   operating  the  valves 
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thJn  with  the  push  rods   reuiovel.      The  actual 
difference   in  pov:er  v/?vts  calculated   to   be   15.0 
watts    in  the  v.rong  direction,    so   to   speak, 
'fhis   figure   could  be   considered   to   be  n'ide  up 
of  the   algebraic   suii.  of    the   rfjdijtion  in  loss 
due  to   tho   rods  being  reix^oved,   which  is   ox    one 
sign,   .-.nd  the   vibration  loEses  which  follow 
this  reii^oval,    which  -re   of  opposite   oide. 
The  aii chine   v/as  again  coii^pletely 
asse.abled,    .-.na  the   engine   run  until   --t  nor...-l 
teuiperature.      I'he   sp-irK  plug  \ius   quickly  re- 
ii.oved,    -.ud  the    engine  driven  oj-   the    generator; 
the   in^iut   to   the   generator,    vvnich  was  being 
driven  as   a   .iiotor,   vvas   .i.e^sured.      The  outfit 
was  run  again  in  .the  noruial  manner  until   jt 
nor.:.^l   te:::per 'tf-re ;    then  driven  by  the   motor 
generator,    ^nd'the   input   noted.      (It  will  be 
noticed  th'.'it  this   input,   v/hich  corresponds 
to   the   input   required  to    drive   the   engine. 
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Data  for  Flywheel  and  Compression  Losses  in 

the  Engine. 

1000  P.. p.m.  Outfit   at   normal  teii.p. 

Av.   V     /4V.    I      **Gol. 
Outfit   coL^plete  67  lO.Sfa  A 

?lyvvheel   openings   stopped  66.75  9.25  B 

i'lywheel  removed  66.37  9.0G  C 

*Outfit   cou^plete  66  10.36  D 

*Outfit   co.uplete  without 

cOiiipression  65.3  7.91  E 

**Colu:ans  in  following  calculation  sheet. 
*After  reassembling. 


Data    Sheet  No.    8. 
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Calculation 


Outfit 

COill- 

TDlete. 


of  llotor  Outputs  to 
of  Sneine  Losses. 


:B'ly*.'xieel 
openings 
stopped. 


re- 
moved. 


jTind   the  Value 


outfit        Outfit   Gou;- 
co,..plete   plete  v.ith- 
(re-  out   coia- 

asseii.uied.  J    pression. 


Colu.jn. 
Av.   V. 

^^^'   Itot. 
li^sw. 

If. 

laRa-b. 

Ps. 

£ 
laRa-b. 


ifRa-b-^s. 
laVa. 
Output . 


A 
67. 

10.36 
.266 
.040 
.415 

66.59 
1.96 
8. 42 
2.24 

64.  S5 
234. 

18.85 

252.6 

552. 

299.2 


B 
66.75 

9.25 

.267 

.042 

.37 

66.36 
1.955 
7.295 
1.94 
64.44 
234.3 

14.35 

248.6 

484. 

P35.4 


C 

66,37 

9.06 

.267 

.040 

.  36 

66.01 

1.941 
7.1L 
1.89 

64.12 
233.75 

1 

13.52 

247.3 

460. 

212.3 


D 
66. 

10.38 
.266 
.040 
.415 

65.56 
1.64 
6.54 
2.27 

53.31 
232. 

19.38 

251.4 

558. 

306.6 


E 

65.3 
7.91 
.267 
.040 
.316 
64.9 
1.62 
6.09 
1.63 
63.27 

9.90 

241.9 

390. 

158.1 
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Data  Sheet  No.  9. 
Flywheel  and  Compression  Losses  in  Engine. 
Loss  due  to  air  circulating  action  of  fly- 
vrheel  =  output  colurxin  A  -  outiDut  column  E 
of  preceding  sheet       -       63.9  '"stts. 
i"'rictional  loss  due  to  flywheel  = 
B  -  C  -  23.  Watts. 

Approx.  loss  due  to  cylinder  col,- 
ijression  =  L  -  E     -  146.5  \7dtt3, 
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complete,  is  slightly  gx-evter  after  the  re- 
asse::"bly  than  before  disasseri.hly.   This  v;-'. 3 
prolD^roly  due  to  the  Inerejse  in  friction  in 
the  second  c;^se,  dne  to  the  parts  not  beinsr 
well  "worked  in"  in  their  new  positions.) 
The  difference  between  the  outputs  of  the 
UiOtox   generator,  ..hen  coiixplete,  ^nd  with  the 
spark  plug  reu.oved,  give  an   idea  01  tne  loss 
due  to  coi„pre3Sion. 

The  IieterUiination  of  the  He-it  Ouiried  Away 
by  tne  Cooling  ^iir. 

The  aneiiiOiiit-ter  method  v/as  used  in 
calculating  the  heat  carried  away  by  the  cool- 
ing air.   The  aneix.o..ieter  used  was  0':'lAbr''ted 
on  a  £3.5  ft,  revolving  ariii;  the  resulting 
calibration  curve  is  shown  on  page  80. 

.  In  order  to  accurately  ireasure  the 
amount  of  air  flovning,  projections  had  to  be 
built  on  the  two  intak&s,  that  of  the  motor 
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and  of  the  engine.   These  .'re  shown  in  the 
figure  on  p-e:e  '^^'     The  ■nrojectin^  intakes 
were  made  of  heavy  paper;  the  engine  intake 
was  cylindrical ,  heing  12.75  inches  long  and 
6.63  inches  in  diam-'^ter.   It  was  glued  over 
the  top  of  the  engine  intake  in  such  a  way  qr 
to  fit  very  tightly.   The  :??enerator  inlet  -as 
conic j1  in  shape,  being  in  the  shape  of  the 
frustruiii  of  q  cone  v/ith  a  lower  batr-e  diameter 
of  y  inches,  un  upp^i  baue  or  mlet  of  dia:.eter 
4.666  inches,  and  an  attitude  of  'cl   inches. 
This  xrustruiu  was  glued  securely  to  the  gene- 
rator iiilet. 

The  plant  \va£  run  "uiitil  tlie  te. .permit ures 
of  tne  inlet  ^ir  and  exhaust  uir  ..'js  constant. 
It  will  be  seen  from  the  data,  tj.at  there  is  a 
difference  i^^  the  temperatures  of  the  engine  in- 
let and  generator  inlet.   This  w^d  pei'»'tly  due  to 
the  position  of  a  lighted  lamp  rack  near  the 
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Data  Sheet  So.  13. 
Calibration  of  Anemoraeter  #1751. 


Indicated  Eeading      0.6  3.9  7.5  11.0  16.6  22.6  £6.3 
True  heading  1.4  4.0  7.0  10.0  16.6  19. F  24.5 


i:      ggs-fc   of  ^lp»3fto   light  ^r*n^. 
Armour^  tnsiitute  of  Teshnola^y 


Data    Sliest  Ko.    11. 


V. 


Calculation  of  Heat   Given   to   Coolin<?  Air. 


Av. 

Gen.    inlot   ter.ip.    in   a  eg.   F. 

Eng.    inlet   te',.p.    in  deg.   ?, 

Plyv/lieel   exit   tamp,    in   deg. 

E.p.m. 

Dtiration  of  run  in  sec. 

Anemo:..eter   it   gen.    inlet. 

Anemoii^eter  at  eng.   inlet. 

Av.  dia .  of  gen.  inlet  open. 

Av.  dia.  of  eng.  inlet  open. 

Baro...eter  reading  in  inciieo 

%  Loiiiidity. 

Sp.  heat  of  air  under  op 

Density  of  air  under  op. 

ObSfcrvod  velocity  in  ft. 

Observed  velocity  in  it 


Hg. 


cond. 
conditions, 
per  sec.  at  gen. 


per  soc.  i-t  en^j'. 
Gcrrected  velocity  iu  xt.  Dcr  oec.  at  gen, 


inlet. 

inlet. 

.  inlet. 

Corrected  velocity  in  ft.  per  sec.  at  gen.  inlet. 
Area  of  opening  at  gen.  inlet  in  sq.  inches, 
iireai  of  ocenintj  at  eng.  iitlet  in  sq.  inones. 
Wt.  in  lbs.  per  sec.  of  gen.  inlet  air. 
'.Vt.  in  lbs.  per  cec.  of  eng.  inlet  ^ir. 
F.ise  in  te...p.  of  gen.  cooling  air  in 
Eise  in  tenp.  of  eng.  cooling  air  in 
B.t.u.  per  sec.  to  gen.  cooling  air, 
B.t.u.  per  sec.  to  eng.  cooling  air. 
Watts  to  gen.  cooling  air. 
Watts  to  eng.    cooling  air. 
Totul  v.-jtts  loss  in  cooling  air. 


deg, 
deg, 


P. 


70.9 

76.9 
104.0 
1000. 
300 
3150. 
6060. 
4.686 
6. 625 
29.36 
43.25 
^2574 
.001265 

10.5 

20.2 
9.5 

17.9 
17.28 
30.70 
.0901 

.302 

33.1 

27.1 

.  .766 

1.942 

629 

2050 

2579 
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machine;  but  since  these  inlet  te'vnerBtures 
remained  constant,  this  difference  did  not 
affect  the  results  obt'-iinea. 

Several  five  minute  runs  were  mude 
with  the  ane...ometer  alternately  in  the  gene- 
rator and  engine  ixilets;  the  results  of  thet.e 
^re  shown  in  tne  data  sheet  'Jo,    11, 

The  density  of  tne  air  corres_ponding 
to  the  _ijre3tjur8  and  nu-iiidity  conditions  ex- 
isting was  calculated,  knowing  the  specific 
heat  of  tne  uir,  the  rise  in  teiMerature 
through  the  im chine,  and  the  weight  of  air 
passing  through  per  second,  the  watts  loss 
due  to  the  cooling  air  was  cBlcalated. 

Efficiency  Deterxinution  of  the  Generator  Tith 
the  Unbalanced  Crankshaft. 

It  was  desired  to  get  the  shape  of  the 

efficiency  curve  of  the  generator. 

Since  the  data  for  this  deterrnin  tion 


IE£T  OF  A  DSLOO  LIGHTING  PIi.'\]}JT. 

could  be  only  obt^iiied  ■  ith  the  tmtalunced 
crankshaft  revolving,  -j.   const-nt  loss  was 
intxoducod  in  the  input  rec^uired  to  overcome 
t„e  viurvto-u..  ^.resent,   oince  the  speed  was 
kept  constant,  this  had  the  effect  of  lever- 
ing the  wnole  .^urve  due  to  u   constant  loss; 
tut  the  general  shape  of  the  curve  v.tis  the 
same  as  if  tne  vibration  nad  not  been  present. 

The  calculation  of  the  exficiency  was 
done  according  the  A.I.S.E.  uiethod.   The  data 
required,  v.hich  v.ere  the  resistances  of  the 
armature  and  field,  were  taken  from  data  ob- 
tained in  the  calibration  of  the  generator  as 
a  motor. 

The  losses  which  were  calculated  v:ere, 
armature  copper  loss,  field  loss,  end.   stray 
load  loss.   The  stray  lo'sd  loss  v^bs   taken  from 
the  stray  load  curve  of  the  machine. 

The  formula  for  the  efficiency  which 
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v/as  used  was 


Eff.    = 


Vull 


the   sya.bcls  of  vjhich  .ire  given  in  the   key   on 
page    56. 


Data  Sheet  lio.  1£. 

Sffieiency  of  Shunt  Generator  of  Delco-light  Plant, 
With  Unbalanced  Crankshaft. 
Speed  r  1000  R.p.m.  -  7  -  V  =  S3. 7  Yolts. 


lisw. 

4 

8 

12 

16 

20 

24 

.176 

.552 

.528 

.705 

.882 

1.06 

Va. 

53,52 

33.35 

33.17 

32.99 

•^2*o£ 

"2.64 

If. 

.986 

.980 

.974 

.969 

.354 

."58 

la. 

4.99 

8.98 

12.97 

16.97 

20.96 

i>4.96 

la^a. 

1.    2 

2.38 

5.44 

4.460 

5.55 

'':-.62 

34.84 

35.73 

36.61 

37.48 

3f!.37 

3y.26 

173.0 

175.0 

17.70 

IVn.U 

1^0 

182 

6.58 

21.4 

•    - 

44.6 

7G.2 

115.4 

165.5 

Vala. 

167 

299 

430 

556 

687 

816 

Input . 

346.6 

495.4 

651.6 

812.2 

9C5.4 

1165. 

Vail. 

134 

267 

396.2 

Oiio.U 

6S5.4 

783 

ilff. 

38.6 

53.8 

61.2 

Uw.  O 

56.8 

67.3 

Instruments  Used. 
V  -  #1155  II  -  #2^098  If   -  fZOl, 
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Calculation  of  Transmission  Wire. 

To  facilitate  the  calculation  of  the 
size  of  wire  needed  for  a  Delco  Light  install- 
ation, the  curves  on  page  90  were  drawn.   In 
this  set  of  curves,  the  abscissae  is  the  quo- 
tient of  the  current  to  "be  delivered  by  the 
plant,  divided  by  the  voltage  drop  permissable 
in  transmission.   The  ordinates  are  the  sizes 
of  wire  in  B.  &  S.  gauge. 

^'or  exau.ple  suppose  that  the  Delco 
Plant  is  situcited  £5  feot  from  the  cenxer  of 
the  load,  and  it  is  required  uo  deliver  20 
amperes  with  a  drop  of  only  1  volt.   By  going 
up  the  "£0"  line  till  the  E5  foot  curve  is 
reached  and  then  going  over  to  the  scale  of 
ordinates,  it  is  seen  that  Eo.  10  B.  &  S. 
gauge  wire  -aust  be  used.   If  the  per.aissable 
drop  was  2-g-  volts,  the  "B"  line  would  be 
follov/ed,  and  it  would  be  noted  that  Uo.  14 
E.  &  S.  gauge  wire  should  be  used. 


